The unexpected failures, the down time associated with such failures, the loss of production and, the higher maintenance costs are major problems in any process plant. 
Introduction
The major concern of industrial companies is to gain maximum profit using minimum cost, and one of the most important ways to achieve minimum cost is to maintain high efficiency of machines and reduce number of failure and zero downtime, which is practically not possible. The objective of maintenance is to maintain existing equipment by inspection, cleaning, lubrication, painting, plant protection and security pollution and noise control. There are many types of maintenance; Reactive or Corrective maintenance which means the repair work required after equipment failure has occurred. Preventive maintenance (PM) is the maintenance of equipment or systems before fault occur. In this type of inspection, the probability for sudden failures is still expected. Another type of maintenance is Predictive maintenance (PDM) which is based on monitoring the state of the machine in order to predict malfunctions that can occur. Predictive maintenance (PDM) called sometimes condition based maintenance, is defined also as a type of preventive maintenance performed continuously or at intervals according to the requirements to diagnose and monitor a condition or system. (PDM) uses statistical tools and various instruments and tests, such as vibration analysis, chemical analysis of lubricants, thermograph, optical tools, and audio gages to predict possible equipment failure. So the philosophy of predictive maintenance is to watch carefully to keep the health status on periodic basis, predict future status based on deficiencies found and return health to normal before complete loss of function.
Case Study
In this work, maintenance management tools will be applied on AL -Hussein Thermal Power Station (HTPS) which is located in Zarqa Industrial zone in the northern region of Jordan, approximately 30 km northeast of the capital Amman. The plant site is situated 560 m above sea level. This Power Plant has 8 generating units; 3 of which are steam turbines, nominally rated at 33 MW gross, 4 are steam turbines rated at 66 MW gross and there is one gas turbine at 19 MW gross. It was founded in 1973, and Site erection were done on four stages starting with the first gas turbine synchronized on May 5 . HTPS applies the maintenance systems but not in scientific sense, because they depend on the corrective maintenance system rather than other types of maintenance systems regardless of the cost of the equipment and its importance in production process. Some of problems that are faced by HTPS are: Continuous fails and break-downs of machines within the plant, lack of an effective maintenance plan to prevent fault occurrence, increased maintenance cost, sudden stoppage during production process, repeated maintenance process for the same equipments, increased dependency on backup's equipments, and sudden failure and thus this sometimes causes bodily harm to people, and so high maintenance cost in terms of time and money.
The objective of this work is to identify the key causes of faults and failures and find a sound solution of the problems encountered at HTPS, and develop a maintenance plan to prevent future problems by scheduling a suitable preventive and predictive maintenance policy depending on the results from the analysis that will be performed in this work based on the historical data taken from the records in the plant.
In general, thermal power plants consist of power generation system that uses the steam power to generate electricity. Fuel is burned inside a boiler to heat water and generate steam. This steam is then used to drive turbines which in turn drive the power generators to generate the electricity. The steam coming out of the turbine is condensed to water and is recycled. The principle of operation depends on what is called a Rankine cycle, which is a cycle that converts heat into work. A typical thermal power plant consists of: Fuel system which includes fuel storage tank, fuel pump, fuel transfer pump, strainers and heaters , boiler, Air pre-heater, super heater, Re-heater, economizer, electrostatic precipitator, smoke stack, turbine, condenser, cooling towers, transformers, generator, and High-voltage power lines. A typical thermal power plant is shown in figure 1 . 
Literature review
Many researchers have worked on maintenance management. Some of them tried to depend on historical data to schedule a program for preventive maintenance and some of them tried to deal with problems when they occur and tried to give a risk management plan for maintenance operations. Some of them tried to link between the maintenance cost and the schedules of maintenance programs. McKone and Wiess [1] stated that the amount of money that companies spend yearly on maintenance can be as large as the net income because they don't have specific maintenance plans. Waeyenbergh and Pintelon [2] stated that maintenance concept should be tailored to the needs of the company in question, that is the maintenance concept will be unique for each company. That is why each company based on their requirements should a schedule their maintenance program. Cooke [3] stated that the economic use of plant and equipment relies on an effective maintenance strategy adopted by the company. Cole and Wilkins [4] stated that "the key success factors to sustain the gains in technology include; retooling the organizations that support technology, devising a strategic mad map for technology that supports business objectives, providing job-focused user training, changing traditional work practices to work practices that support advanced maintenance methodologies, and getting and keeping the support of upper management". Carey [5] presented nine "how to" steps, that lead to maintenance program success. "These steps are: planning and organizing; assessing the situation; designing the program; justifying the cost; gaining management approval; implementing the program; measuring results; reporting results; and leveraging the program". Gharbi and Kenne [6] used the control problem to find the production and the preventive maintenance rates of the machines to minimize the total cost of inventory/backlog. They used analytical formulation and Design of Experiments and Response Surface Methodology to find an approximation for the optimal control policy. Kenne and Nkeungoue [7] used the control of corrective and preventive maintenance rates in the production planning of a manufacturing system with machines subjected to random failures and repairs. They worked on how to minimize the overall maintenance cost, inventory holding and backlog cost. They built an optimal maintenance control policy for that manufacturing system. They concluded that the corrective and preventive maintenance policies are machine-age dependent. Boukas and Haurie [8] used a continuous-time stochastic control model designed for planning production and preventive maintenance in a flexible manufacturing system. Song [9] also studied the problem of production and preventive maintenance control in a stochastic manufacturing system. The variables that they used were random customer demands, machine failure and repair, and stochastic processing times. They used the threshold-type policy to control the production rate and the preventive maintenance operation simultaneously. Arora and Kumar [10] studied and analyzed the steady state availability of a coal handling system in a medium sized thermal power plant. They developed a profit analysis system. Based on the analysis, they developed maintenance strategies for different situations taking into consideration maximum profit achieved. Chabar et al. [11] presented a decision support system that determines the optimal dispatch strategy of gas fuelled thermal power plants taking into consideration the particular specifications of fuel supply contract agreements. They developed a model that determines the plants' optimal schedule for operation and maintenance that maximizes the total revenues taking into account technical constraints and the conditions of fuel supply contract. Krishnasamy et al. [12] used the Risk-based maintenance (RBM) methodology to identify the critical equipment and to reduce the risk resulting from the failure of the equipment based on the level of risk and a pre-selected acceptable level of risk in a thermal power plant. Wang et al. [13] designed an algorithm program of steam turbine maintenance schedule with network chart technology and critical path. Wang et al. [14] designed a network computing environment (NCE) package based on historical data of three power plants to analyze energy-loss, and to monitor the performance index of the thermal power units to provide means for performance check and general analysis of the plant. By this system energy conservation has been achieved and operation management has been improved. Secchi, and Briff [15] developed diagnostic software called SiEMPre which is used as a tool that suggests a systematic approach to maintenance strategies which helps the maintenance staff schedule the maintenance before the failure has occurred. Nopper et al. [16] developed a software tool COMSY which integrates degradation analysis tools with an inspection data management system. COMSY is a knowledge based system that provides the capability to schedule maintenance programs based on the degradation of the equipment in the power plant. Knowles and Thomas [17] developed RMS software to schedule a risk based inspection and asset management process for a thermal power plant in Australasia. They started their work by data gathering, detailed risk assessment of all critical items of static plant, risk calculation and then implementation of a risk based inspection plan based upon the results of the prior aspects of the assessment, so risk reduction has been achieved. By using this software, they can give a report on the progress to senior management, and so future maintenance can be deployed efficiently to ensure optimum plant efficiency is achieved. Eti et al. [18] applied the failure mode effect analysis, failure mode effect and criticality analysis, feedback information, supportive systems and risk analysis to reduce the frequency of failures and maintenance costs in a thermal power plant. Using this system the frequency of failures was reduced and consequently the cost was reduced too.
Results and discussion
In order to provide a solution for the problems in HTPS we have to clearly understand the situation there; define the problem and understand the nature of the facility as well as workers within the plant. For that, we have done several actions. The first was to contact HTPS administration to acquire a permit to inter the facility, and then we met with the technical team there who talk to us about the facility and its operation and problems that they face. This was accompanied by several 'walk-thru's within the facility to observe the machines in operation and take a closer look about the equipment, the technicians, the operators and the work procedure within the plant. The second phase was to collect historical data from the plant records as well as technical observations from the operators. We made several interviews with the workers there to acquire information about specific parts of the system as well as the effect of their failure and about the maintenance and replacement mechanism. The third phase was to analyze the collected data using statistical tools such as Pareto chart, RCA and Fish bone diagram in order to develop a better understanding of the root causes of the problem as well as the costs of replacement and maintenance. Pareto chart was used to determine which problems have a large percent from the total failure or total cost, in order to work on these critical problems which represent the 20% of problems lead to 80% of failures. This analysis can lead us to vital few. Then the fish bone diagram was used to determine the root causes of this vital few in order to take action to correct these causes. Table 1 illustrates failure and the frequency of all the failures for all operating parts in HTPS for the last three years. Table 2 shows the Pareto analysis for the total cost per failure figure 3 . To reduce the total cost resulted by failures as possible, we match the cost per failure with its frequency to reach where is the vital equipments that's caused to 80% of the total cost when it is fail, where the cost of failure considering the frequency = the cost caused by the machine failure* the number of failures in 3 years. Table 3 shows the cost of failures considering the failure frequency in three years. The equipments are organized in descending order. This information can help the managers in taking decisions and helping them in scheduling preventive maintenance plan that will reduce the machines number of failures and consequently the maintenance cost. As can seen from figure 6 that there are five main factors influence the failure of the machines. One of them is the man power; that can appear because of either the lack of training of the man to deal with Maintenance Management and Quality Improvement in AL -Hussein Thermal Power Station Suleiman Obeidat, Rami Fouad, Nabeel Mandahawi the machine in different cases during production or during starting or turning off, also lack of self capability of quick daily maintenance, or ignoring the maintenance duty because of unspecified maintenance schedule. Another main cause that many plants neglect is the ignorance of the predictive and preventive maintenance, and ignoring to put a timely defined maintenance plan, which will cause sudden failure of the machine leading for unplanned downtime and production stoppage for main in-process machine that might take long time to be fixed, and which finally causes significant losses and increased cost. In HTPS also, they neglect the activities that aims to improve the methods to maintain capability of the system and make strong communication and integration between its departments. As we noticed, the maintenance staff in HTPS do all maintenance activates even if they are routine activities such as lubrication, sense there is no employee involvement in maintenance activities.
Conclusion
A set of historical data for the past three years has been collected and gathered for various machines in AL-Hussein thermal power station in Jordan. The data is analyzed by applying Pareto's Chart as to figure out the vital few causes of failures; then followed by further analysis using Cause and Effect So, based on the results obtained, the main causes of the high failure cost are identified accordingly and it was found that 50% of the total failure cost is caused by electrical section administration works, boiler 1, water treatment plant 2, and air compressor. This will be the main guide for the management to identify priorities and implement their maintenance schedule accordingly.
